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Abstract@ Broodyear2018 (BY208) juvenilewinter Chinooksalmonestimatedpassage
at Red BlufDiversion DanfRBDDyas1,168,263for fry and presmolt/smoltscombined
The fryequivalent rotary trap juvenile production indéxXPIwasthe highest value reported
in the last five yearsestimated at1,477,529with the lower and upper 90% confidence
intervals(Cl)extending from824,706to 2,130,352uveniles, respectivelyThe estimated
eggto-fry (ETFpurvival rate, based on the B¥18 winter Chinook fryequivalent JPiwas
26.68% slightly above the 2¥ear average ETF survival rate of 25.0%e range oETF
survival rates based ahe 90%Clwere 14.% t038.4%.

From analyses of markecapture trials conducted in the fall of 2018 with naturally
produced winter Chinook fryt was discoverethat sampling four traps across the RBDD
transect produced efficiency values higher than our regressiodatpredicted due to a

high rate of efficiency of one particular trap sampling the thalwBgssage estimates for

the months of September and October 2018 were therefore revised using data from three
traps rather than four. Further, revisions were made following genetic analyses of fin clips
taken from juvenildength-at-date (LAD spring and witer Chinook in the fall of 2018

Although little rainfall was received during tisater year until March of 2018,
precipitationand carry-over storage provided adequate celdater pool availability in
Shasta Reservoitrhus, efforts to follow the 2018&8ramento River temperature
management plan were largely successful.

BY2018 juvenile spring Chinook salmon estimated passage was303,154fry and pre
smolt/smolts combinedThefry-equivalent JPI foR018 springChinookwas495,489with
the lower and upper 90% CI extending fret®1,811to 1,182,788uveniles respectively
BY2018 fall Chinook juvenile estimated passage at RBDD &@51,567fry and pre
smolt/smoltscombined. The fryequivalentJPI for2018 fall Chinookwas 6,837 157 with
the lower and upper 90% CI extending fram08,5740 12,565,74juveniles respectively
BY208 late-fall Chinook juvenile estimated passage at RBDD 48a511fry and pe-
smolt/smolts combined. The fryequivalen JPI forBY2018 late-fall was 81,629with the
lower and upper 90% CI extending fr@nh,505to 135,753juveniles, respectively.
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Introduction

The United States Fish and Wildlife Service (USFWS) has conducted direct monitoring of
juvenile Chinoolsalmon, Oncorhyichus tshawytschaassage at & Bluff Diversion Dam
(RBDDiiver kilometer RK) 3910n the Sacramento River, Califorsiace1994 (Johnson and
Martin 1997). Martin et al. (20015eveloped quantitative methodologies for indexing juvenile
Chinook passage using rotasgrew trapgRST)o assess the impacts of thénited States
. dzNB | dz 2 F wS ORBDDIRa&skazck Puinping Plant. Wiisolute abundance
(production and passageptmates were needed to determine the level of impact from the
entrainment ofsalmonids and other fish community populations through. 5 ®xpeérimental
WFAAK FTNASYRE&@Q ! NOKA YBoRMvick ahdyCRrwih 3001FHesrigihal K St A O
projed objectives were met by 2000 and funding of the project was discontinued.

From2001to 2008 funding was secured through a CALFEDBdA{a Program grarfor
annual monitoring operations to determine the effects of restoration activities inugyger
SacramentdRiver aimed primarily at winter Chinosilmont. The USBRhe primary
proponent of the Central Valley Project (CVP), has funded this project since 2010 due to
regulatory requirements contained withinthel G A2yl f al NAYS E$aKSNRARSa -
Biological Opinion for theongterm Operationsof the CVRand State Water Proje¢NMFS
2009).

Protection, restoration, and enhancement of anadromous fish populations in the
Sacramato River and its tributaries atienportant elemens of the Central Valley Project
Improvement ActCVRA),Section 3402. The CVPIA has a specific goal to double populations of
anadromous fishes in the Central Valley of California. Juvtiteorid production monitoring
is an important component authorized undgection 3406 (b(16) of CVPIQUSFWS 199@nd
has funded many anadromous fish restoration actions which were outlined in the CVPIA
Anadromous Fisheries Restoration Program (AFRP) Working R&ienNS 19953nd Final
Restoration PlagUSFW001).

Martin et al. (2001) stated that RBDD was an ideal location to monitor juvenile winter
Chinook production because (1) the spawning grounds occur almost exclusively above RBDD
(Vogel and Marine 1991; Snider et al. 1997, USFWS @) bltiple traps coulde attached
to the dam and sampbksimultaneously across a transect, and (3) operation of the dam could
control channel morphology and hydrological characteristics of the sampling area providing for
consistent sampling conditions for measuring juvenile fiassage.

Since 2002, the USFWS R@er Chinook juvenile productip A Y RA OS dbeeh Wt L Q& 0
used in support of production estimates generated from carcass survey derived adult

1 The National Marine Fisheries Service first listed WinterChinooksalmonas threatened under the emergency listing procedures for the
ESA (16 U.S.C.R. 18343) on August 4, 1989 (54 FR 32085). A proposed rule to add winter Céahmokito the list of threatened species
beyond expiration of the emergency rule was publisbgdhe NMFS on March 20, 1990 (55 FR 10260). Winter Ctsaboknwere formally
added to the list of federally threatened species by final rule on November 5, 1990 (55 FR 46515), and they were listedally a
endangered species on January 4, 18R FR 440).



escapement data using a C Ju¢kenile Productioistimate(JPEModel. Since2014, the RBDD

winter Chinook fS lj dzA @1 £ Sy & Wt L KIF & 0SSy dzaSR Fa GK
Moreoverw. 55 Wt LQa | NB O2 YLJI EAlateddadlt sparmitzf succés O LJ

relationship to annual Sacramento River water temparatand flow management plans.

Fall, &te-fall, spring, and winte€hinooksalmonand steelhead/Rainbow Trout,
Oncorhynchus mykispawn in the Sacramento River and tributaries upstream of RBDD
throughout the yearresulting in yearround juvenilesalmaid passage (Moyle 20025ampling
of juvenile anadromous fish at RBDD allows for yeand quantitative production and passage
estimates of all runs of Chinosklmonandsteelhead/Rainbow Tout. Timing and abundance
data have been provided mreaktime for fishery and water operations management purposes
of the CVP since 2084Since 20090%confidence intervals, indicating uncertainty in weekly
passage estimates, have been included in-teaé birweekly reports to allow better
management davailable water resources and to reduce impact of CVP operations on both
federal Endangered Species Act (ESA) listed andisted salmonidstocks. Currently,
Sacramento River winter Chinoskimonare ESAisted as endangerednd Central Valley
springChinooksalmonand Central Valleytselhead (hereafteO. mykissare listed as
threatened

The objectives of thiannual progresseport areto: (1) summarize the estimated
abundance of afiour runs of ChinookalmonandO. mykispassirg RBDD for brood year (BY)
2018, (2)define temporal patterns of abundance for all anadromsagnonid passing RBDD,
(3) correlate juvenilesalmonproduction with adultsalmonescapement estimatevhere
appropriate) and (4 describevarious lifehistoryattributes of anadromouguvenilesalmonics
produced in theupper Sacrament&ver as determined through lortggrm monitoring efforts
at RBDD.Thisannual progresseport addresses, in detail, our juvengalmonidmonitoring
activities at RBDD for thegpiod Januaryl, 2018 throughNovember 302019. This report
Ay Of dzR& the 2048 hraddiyearemigration periodor the four runs of Chinooalmon
andpassage estimates @. mykissn the Sacramento Rivandis submitted to the US Bureau
of Reclamationto comply with contractual reporting requirements for funds received through
the Fish and Wildlife Coordination Act of 1934 under Interagency AgreemeiR 16& G00067.

Study Area

TheSacramento River originates innthern California near Mt. Shasta from the springs of
Mt. Eddy(Hallock et al. 1961 It flows south througie00 kilometers (kmdf the state draining
numerous slopes of théoast, Klamath, Cascade, and Sierra Nevada ranges and eventually
reaches the Pafic Ocean via San Francisco Bay (Figure 1). Shasta Dam and its associated
downstream flow regulating structure, Keswick Dam, have formed a complete barrier to
upstream anadromous fish passagjace 1943 (Moffett 1949)The95 River Kilometer (RK)
reachbetween Keswick Dank486) and RBDIRK 39]) supports areas of intact riparian
vegetation and largely remains unobstructed. Within this reach, several major tributaries to

2 Realtime biweekly reports for download located dittp://www.fws.gov/redbluff/rbdd biweekly final.html
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the Sacramentdriverupstream of RBDD support various Chinsalknonspawning

populations. These include Clear Creek and Cottonwood Creek (including Beegum Creek) on

the west side of the Sacramento River aDowCreek BearCreek Battle/ NSS1 YR t | 8y S¢
Qreek on the east side (Figure 1). Below RBDD, the river encounters gredtespagenic

impacts as it flows south to the Sacrames@an Joaquin Delta. Impacts include, but are not

limited to, channelization, water diversion, agricultural and municipatotinand loss of

associated riparian vegetation.

RBDD is located approximatéykm southeast of the city of Red Bluff, Califor(fagure
1). TheRBDDs 226 meters (myvide and composed of eleveh8m wide fixedwheel gates.
Between gates are concrete pi@tmAy g A RGO K ® ¢ KS |vdre abi€téaraisel Y 2 LIS
the RBDD gates allowing for roftthe-river conditions or lower them to impound and divert
river flows into the Teham&olusaand Corninganak. USBR operators generally raised the
RBDD gates from September 16 through May 14 and ledvélrem May 15 through September
15 during theyears20022008. As o$pring2009, the RBDD gates were no longer lowered
prior to June 15 and were raised by the end of August or eanlian effort to reduce the
impact to spring Chinoosalmonand Green Surgeon, Acipenser medirostridNMFS 2009)
Since fall 2011, the RBDD gates have remained in the raised position due to the construction of
a riverside pumping facility and fish screen (NMFS 2009). Adult and juvenile anadromous fish
currently have unresicted upstream and downstream passage through this reach of the
Sacramento River. The RBDD conveyance facilities were relinquished to the Tehama Colusa
Canal Authority (TCCA) by USBR as of spring 2012. Thg&B®&Were permanently raised
andinfrastructuredecommissioned i2015

Methods

Sampling Gear Sampling was conducted along a transect u#iimge tofour 2.4-m
diameterRST$E.G. Solutions® Corvallis, Oregon) attached via aircraft cables directly to RBDD.
The haizontal placement of rotary traps across the transect varied throughout the stedgpd
but generally sampled in the rivenargirs (east and west) and midhannel habitats
simultaneously (Figure 2RSTsvere positioned within thesspatial zonesinlesssampling
equipment failed, river depths were insufficient<m), or river hydrology restricted our
ability to sample with all traps (water velocityos6 m/s).

Sampling Regimes In generalRSTsampled continuously throughout 2dour periods

and samples were processed once dailpuring periods of high fish abundance, elevated river
flows, or heavy debris loads, traps were sampled multiple times per day, continuously, or at
randomlygeneratedperiods to reduce incidental mortality. When abundance of Chinook
salmonwas very high, subampling protocols were implemented to reduiake and incidental
mortality of listed species in accordance with NNMESASection 10(a)(1)(A) research permit
terms and conditions. The specific ssdimpling protocol implemented was contingent upon
the number of Chinook captured or the probability of successfully sampling various river

3 24-hr sample periods were defined as beginning at 0700 oh dagl ending at 0659 on day 2.
3



conditions. InitiallyRSTcones wee structurally modified tesample onehalf of the normal

volume of water entering the cones (Gaines and Poytress 2004). If further reductions in
capture werenecessarythe number of traps sampledere reducedfrom four to three. During
storm events and associated elevateder discharge levelgach 24hour sampling period was
divided into four or six noverlapping strata and one or two strataeve randomly selected

for sampling Martin et al 2001). Estimates were extrapolated tesampled strata by dividing
catch by the strataselection prolability (i.e.,P=0.25 or 0.17). If further reductioms effort

were needed or river conditions were intolerabtampling wasliscontinued onot conducted.
When days or weeks weret sampled, mean daily passage estimates were imputed for missed
daysbased on weekly or monthipterpolated mean daily estimatesespectively.

Data Qollectiord @All fish captured were anesthetized, identified to species, and
enumerated with fork lengths (FL) measured to the nearest millimeter (mm). When capture of
Chinook juveniles exceeded approximately 200 fish/trap, a randormssubple of the catch was
measured to include approximately 100 individuals, with all additional fish beingerated
and recorded. Chinoddalmonrace wadield assigned using lengtht-date (LADxriteria
developed byGreeng(1992}. Fin clips of juvenile salmonids >34 mm FL were sampled at a
maximum rate of 10 fish, per run, per day for genetic analy&ppendix ) and potentid run
identification corrections.

Other data collected at each trap servicing included: length of time sampled, velocity of
water immediately in front of the cone ata depthof &6z | YR RSLIIK 2F O2yS
submerged. Water velocity was measured using a General Oceanic®208ddlowmeter.

These data were used to calculate the volume of water sampled by tkapg e percent river
volume sampled by traps @pwas estimated as the ratio of river volume sampled to total river
volume passing RBDD. River volu@gewas obtaird from the California Data Exchange
Center's Bend Bridge gauging station at RK 415 (USGS site no. 11377100,
http://waterdata.usgs.gov/usa/nwis/uv?site_no=113770)0Daily river volumat RBDD was
adjusted from Bend Bridge river flows by subtracting daily TCCA diversionsdivbesions
occurred

Sampling Eort.1 Weekly rotary trap sampling effort was quantified by assigning a value
of 1.00 to a week consisting ofup2.4-m diameter rotaryscrew traps sampling 24 hours daily,
7 days per week. Weekly valuek B0 represented occasions whiass than four traps were
samplingone or moretraps were structurally modified to sample only oalf the normal
volume of wateror when less than 7 dayser weekwere sampled.

Mark-Recapture Trials Chinooksalmoncollected as part of daily samples were marked
with bismark brown staining solution (Mundie and Traber 1983) prepared at a concentration of
21.0 mg/L of water. Fishere stained for a period of 450 minutes, removed, and allowed to
recover in fresh water. Marked fish were held fe24 hours before being released

4Generated by Sheila Greene, California Department of Water Resources, Environmental Services Office, Sacramento (Meyn8al992)
table developed by Frank Fisher, California Department of Fish and Game, Inland Fislaeéas Red Bluff (revised February 2, 1992). Fork
lengths with overlapping run assignments were placed with the latter spawning run.
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approximately 4km upstream from RBDD after official sunset. Recapture of ethfish was
recorded forup to threedays after release. Trap efficiency was calculated based on the
proportion of recaptures to total fish released (i.e., maekapture trials). Trials were
conducted as fish numbers and staffing levels allowed under a variety of river djedbaels
and trap effort combinations.

Trap Efficiency Modelimg To develop a trap efficiency model, madcapture trials were
conducted as noted aboveEstimated tap efficiency (i.e., the proportion of the juvenile

population passing RBDD captu@traps;'l%) was modeled with @to develop a simple

leastsquares regression equation (eq. 5). The equation (slope and intercept) was then used to

estimatedaily trap efficiencies based on dagsoportion ofriver volume sampledEach
successive year of markcapture trials were added annually to the original trap efficiency
model developed by Martin et al. (2001) on July 1 of each y8mrce 2014, the trap efficiency
model has been updated to include naturally produced fishgathduring monitoring
activities without the RBDD gates in the lowered positi®aytress et al. 201 4oytress 2015
The model foBY2018 relied on 79 mark-recapture trialsusing wild fish andonducted with the
RBDyatesraisedbetween 2002 an@017(r>= 070, P< 0.001df =78; Figure 3.

DailyPassageEstimates(FE0 @9 ¢ KS F2tt 2gAy 3 LINEOSRdAzNB a
derive daily and weekly estimates of total numbersiomarkedChinook and. mykispassing
RBDD. We define@ias catch attrap(il’  M)DXdayd (dI'  wmp; a0@Xg as volume
sampled attrag il &) Brixdayd (dI'  m)Z Dailysalmonidcatch and water volume sampled
were expressed as:

t
1. Ci=aCq

i=1
and,
t
2. Xy =a Xq
i=1

The%Qwas estimated from the ratio of water volume sampleéd) o river discharge(l) on
dayd.

= X
3. 0/0(5 =2d
d Qd

Totalsalmorid passage was estimated on dafd '  wmEbX =

4, =

THO

where,



5, £ = (a)%d) +b

and, 'I'% = estimatedtrap efficiency on dayl.

WeeklyPassage( =0 ® @t 2 Lddzt | GA2y (201 & OFnyNSpsssingo S N&
RBDD each week were derived frdﬁ‘n where there areN days within the week:

6. =S4k
d=1
Estimatedvarianced ¢
= nyN? . = =9
7. Var(| = (1- N o Sk +—eaVar(|E)+2a Cou(, i),
i U

The first term in eq. 7 is associated with sampling of days within the week.

-

k-

n-1

©
%)
N
o

The second term in eq. 7 is associated with estimaE%]g/ithin the day.

Ea-E) - E)+EE

9. Var(fr) = +Var
(F5) = TE &) =
where,
10. Var('l'%) = error variance of the trap efficiency model

The third term in eq. 7 is associated with estimating b%and F'::j-with the same trap
efficiency model.

. - CovE 'E e
. i - '
11 CoV(F, %) = T.EFT
where,
12. Cov('ri&—,'FT) =Var(&) + x Cou& 5 + X, Cou(d, B +x ijar(E
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for some'l'?E =&+ B(i
Confidence intervals (Cl) were constructed armﬁ]using eq. 13.

13 Po ta/2,n—1 Vvar(l:%

Annual JPI's were estimated by summﬁ@cross weeks.

52 o
14. JPI= 3 &

week=1

Fry-EquivalentChinook PoductionEstimatesp ¢ ¢ #tf® of Chinookfry (<46 mm FLip
pre-smolt/smolts (>45 mm Flpassing RBDD was variable among yedngrefore, we
standardized juvenile production by estimating aéguivalent JPI for amongear
comparisons. FrgquivalentJPI's were estimated by the summation of fry JPI and a weighted
(1.7:1) presmolt/smolt JPlifiverse value 059% fryto-pre-smolt/smolt survival, Hallock
undated). Rotary trap JPI's could then be directly compared to determine variability in
production ketween years.

Eggto-fry survival estimate® @Annualjuvenilewinter and fallChinookeggto-fry (ETF)
survival ratesvere estimatedby calculating fnS lj dzA @1 £t Sy d Wt LQa | yR RAGAR
number of eggslepositedin-river. Winter Chinook adult dataere derived fromcarcass
survey estimate¢D. Killam, CDFW, personal communicatiofall Chinook female spawner
datawere estimated using adult escapement estimates derived from the California Department
of Fishand Wildlif@ed o6/ 5C2 0 D NJAzAtRGH) amd cRltulating fénfalé spawners
based on sex ratios obtained from Coleman National Fish Hatchery (CN¥#tage female
winter Chinook écundity datavere obtainedfrom the Livingston Stonedtional Fish Hatchery
and fall Chinook fecundity estimates were obtained fr@NFHannualspawningrecords.

Reduing hias associated witbnmarked CNFH fall ChinookAnnual eleases of 75%
unmarked fall Chinook from CNFH in the late winter to early spring months can ipgstitve
biasto naturally produced spring and fall run Chinook passage and production estifvates
and Poytress 20)9In most yearsCNFH fall Chinook are releasedesigths thatoverlapwith
the spring Chinook LAD size categdryerefore, unmarketfiatchery fish captures during and
after CNFHall Chinookproductionreleases canaffect fry to smolt size ratigdry equivalent
values as well a€£TF survival ratdsr both spring and fall LAD Chinodk an effortto reduce
bias to spring and fall Glook natural production and passage estimates, daily captures of
markedhatcheryfall Chinookassigned tespring orfall Chinook runs using LAD criteria were
multiplied by a factor of 3 to estimate unmarked hatchery fish within daily catchseThe
adjusteddaily values werehen subtracted fromunmarked Chinookatch totals and daily
passage estimates for each run wetgbsequentlycalculated. Iadjusteddaily passage of
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unmarked hatchery Chinook was greater than the original unmaédgdookdaily passage

value, that day was given a value of z@yonatural Chinoolpassage After daily passage
estimates were recalculated to exclude unmarked hatchery Chinook passage, weekly passage
estimates and confidence intervals were recalculafBte efforts b reducebias associated

with unmarked CNFH fall Chinook fish were mpdst hoc to correct annual estimatesd are

not reflected inpassage estimates reported withieaktime biweekly reportsFor clarity,

passage and production estimates with and withthe removal of hatchery fish are reported

for fall and spring Chinook.

Results

Samplingeffo®@2 SS1t & &l YLI Ay 3 BRESwNMIChidokKaEndra K 2 dzii
emigration period ranged from.00to 1.00(af'= 067; N= 52 weeks; Tabl®). Weekly sampling
effort ranged from (60to 1.00(cf'= 0.80; N = 26 weeks) between July atite end of
December, the period of greatest juvenile winter Chinook emigration, ad@to 1.00(a'=
0.54; N = 26 weeks) during the latter half of the emigration period (Tdple

Weekly sampling effort throughout thBY2018springChinookemigration period ranged
from 0.00to 1.00 (4= 067; N= 52 weeks; Tabl®). Weekly sampling effort ranged fra®00
to 1.00 (4= 053; N = 26 weeks) between mi@ctober and migApril, the period of greatest
juvenile spring Chinook emigration, and8to 1.00 ¢4'= 081; N= 26 weeks) during the latter
half of the emigration period (TabB.

Weekly sampling edit throughout theBY2018 fall Chinookemigration period ranged
from 0.00to 1.00 ¢ = 067; N= 52 weeks; Table 3). Weekly sampling effort ranged H @
to 1.00 4= 051; N= 26 weeks) between December and the end of May, the first half of the
juvenile fall ChinooR018brood year, and @3to 1.00 (4= 083; N= 26 weeks) during the
latter half of the emigration period (Table 3).

Weekly sampling effortiroughout theBY2018 late-fall Chinookemigration period ranged
from 0.00to 1.00 ¢f= 065; N= 52 weeks; Tablk). Weekly sampling effort ranged fron4G.
to 1.00 64'= 075; N= 26 weeks) betweeApriland the end ofSeptembey the first half of the
juvenilelate-fall Chinook018brood year, and.00to 1.00 6= 065; N= 26 weeks) during the
latter half of the emigration period (Tabig.

Weekly sampling effort throughout thBY2018D. mykisemigration period ranged from
0.43t0 1.00 (4= 074; N=52 weeks; Tablg). Weeky sampling effort ranged from.83to
1.00 (4= 069; N = 26 weeks) betweedanuaryand the end oflune the first half of the juvenile
O. mykisf018brood year, and ®0to 1.00 (4= 080; N = 26 weeks) during the lattéralf of
the emigration period (Tablg).

The high variance in sampling effort throughout tieporting periodwasattributed to
several sources. They includéd)intentional reductions in effort resulting frosampling < 4
traps,cone modification(s)ypon-sampleddaysdue to hatchery releases upstream of the
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transect or staffing limitationg2) unintentional reductions in effort resulting frohigh flows
and debris loadq3) Section 10(a)(1)(Adermit catchlimitations.

Mark-recapture trialsp Fve markrecapture trials were conducted in 2018 estimate
and validate RST efficienGhree trials were conducteid Octoberusing naturdly produced
winter Chinookand two trials using naturally produced fall Chinook@veondicted in late
DecemberSacramento River discharge sampled during the trials ranged51488 to 7,747
cubic feet per seconct{s). Estimated®oQduring trap efficiency trials ranged froBn01% to
4.7 (§=3.090; Table).

Trials(N =5) were conducted usinthree orfour traps with rotary traps sampling with
unmodified conegor four of the five trials All trials were conducted using Chinook sampled
from rotary traps, and trap efficiencies ranged fr@%2% to 3.8% (4= 3.41%). The number
of marked fish relased per trial ranged from 1,073 to 1,2&d= 1,147 and the number of
marked fish recaptured ranged from 30 to 48=39). All fish were released after sunset and
99.5% of recapture occurred within the first 24 hours, and 100% within 48 hrs.

Subsampled érk lengths of fish m&ed and released ranged from 8062 mm (§=36.5
mm). Fork lengths of recayred marked fish ranged from 32 to 5m @§=36.3mm). The
distribution of fork lengths of fish marked and released in radapture trials was
commensurate with the distribution of fork lengths of fish recapturedR$Tsnd fishused
were largelyconsidered fry size clag37.3% fry, 2.7% premolts)

Fish collected and used for all trials were obtained from all three spatial zones, east
margin, midchannel and wesimargin traps.The horizontal distribution of recaptured marked
fishfollowed thecatchdistribution of unmarked fish well for three of tHeve trials(trials 2, 3,

4; Table 6) The other two trialshowed slightly higher proportions of marked fisithe mid-
channel trapsompared tounmarkedfishthat had capture favoring the west margin trapver
the mid-channel trapsilt is believed tlat thesedifferencesin horizontal distributiorduring the
first and last trialsvere likely a product of daily variability in movement patterns as wild fish
capturesoften favor the midchannel traps one day arshift to favoring the west margin trap
the following day.

Trap efficiency modeling. Elevatedriver flows and low fall Chinoatatchnumbersdid
not allow the opportunity to conduct markecapture trialfor incorporation into the winter
Chinook 2018 brood yeaA 79trial model(r> = 070, P<0.001, df = 78Figure 4 was
employed for passage estimation during the entire BY2018 winter ChinooKala@hinook
and O. mykis®utmigration period and part of the BY2018 spring Chinook and fall Chinook
outmigration period covered in this repofthree markrecapture tialsusing winter Chinook fry
were conducted near the end of the reporting period in the fall of 2048vever, these and
two additionalfall Chinook fry efficiencrials conductedn late December 201&ere
incorporated into the mod| at the start of the 201%vinter Chinookbrood year



Genetic corrections to LAD run assignmgnGenetic tissue samples from up to ten
Chinook salmon per run, according to LAD, were collected on a daily basis as part of two genetic
sampling project§ Y246y | & AGLYLINRPOAY3I A0l {-BasddW&k 9adA Yl
wSOI LJWGdzNE aSiK2Raé¢ FYyR G/ SYyaNrf =+l ftftSe {IfyY2y
Samples collected from LAD winter and spring Gikneere analyzed (see Appendixd
evaluatethe accuracy of fieldbased run assignments used to generate Chinook passage and
production estimates. A review of the genetic run analysis data indicated that winter Chinook
were incorrectly assigned to spring Chinook using LAD criteria for a peridddafy3 during
BY208 from mid-October thru late November. Jnver spawner data analysiy/ California
Department of Fish and Wildlifestimated the timing of last emergence for winter Chinook fry
would occur in early November based upon later than aver@dultwinter Chinook spawn
timing in 2018D. Killam, CDFW, pers. comm.)

Based upon genetic and spawnetd, LAD spring Chinook captured between October 16
and Novembed 8,2018were re-assigned to the winter Chinook category and included in the
passage and production estimates detailed in this report. Consequently, genetgsignment
resulted in a net reduction for spring Chinook passage and production estimates and is
reflected in the values repoetd herein. A genetic reassignment memo datéehuary 16 2019
further outlines details of genetibased revisions made to BY30&inter and spring Chinook
reattime biweekly passage estimaté&ppendix IB.

Winter Chinoolork length evaluationg BY2018 winter Chinook fork lengths ranged
between28 and152 mm (Figure6a). Winter Chinookvere weighted(75.0%) to the fry size
class category (<46mm) wil8.3% ofthose measuring less than 48m (Figure6a). The
remaining25.0% were attributed to the presmolt/smolt category (>45 mm) with9.2% of the
fish sampledbetween 46 and.O0Omm.

Winter Chinook @ssagep BY2018vinter Chinook juvenilestimatedpassage at RBDD
was1,168,263ry and presmolt/smolts combined (Tabl¥). Fy sized jweniles (<46nm FL)
comprised62.2o of totalestimatedwinter Chinook passage (Tallg Fry passageccurred
from July through early December (weeks 29 thruEi§ureba). Rre-smolt/smolt sized
juveniles (>43nm FL) comprise87.8% of total passage and the first observedigration past
RBDD occued inearly Septemberweek35; Tablel). Weeklypre-smolt/smolt passagdor the
brood yearconcludedin mid-May (week20; Figuresb).

Winter ChinooKPI to adult comparisons TheBY2018winter ChinooKry-equivalentJPI
was1,477,529ith the lower and upper 90% CI extending fr@&24,706to 2,130,353uveniles
respectively Table7). Adult females contributing tin-river spawning of BX018 winter
Chinook were estimated to have be&®80individuals(D. Killam, CDFW, pers. comrihe
estimatedETFsurvival rate based on the BX018 winter Chinook fy-equivalent JPand

5 Genetic reassignment memo and affected biweekly reports can be found at the following web address:
https://www.fws.gov/edluff/RBDD%20JSM%20Biweekly/201&dd_jsmp_2018tml
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estimatednumber of female spawnemnd egg deposition iiver, was26.6%. The range of
ETF survivddased or00%/ Lwagl4.9%to 38.406 [Table?).

Adult female spawner estimates derived frammter Chinookcarcass surveys and rotary
screwtrap data from brood years 1998018 were used to evaluate the linear relationship
between the estimatesTwentyone observations were evaluated using the carcassvey data
as the winter Chinook carcass survey did not start until 1996 and rotary trapping at RBDD was
not conducted in 2000 and 200 2 G I NB  ( NJ LJicavitlylcurélated i M@&dtad A Iy A F
adult female spawner estimates®( 0.8, P< 0.001, df= 2Q Figure?).

Spring Chinoolofk length evaluationg BY2018 spring Chinook fork lengths ranged
between31and 151 mm (Figure6b). Spring Chinook wereeavilyweighted to the pre
smolt/smolt sze-class category (>45mmpnly4.7% of all fisrsampled as sprinGhinookwere
designatedry with 66.0%0measuring less than 40 mAL (Figur&a). Thebulk of thecatch
(95.30 wasattributed to the presmolt/smolt categ@ry (>45 mm) with fish betweef6 and 100
mm comprising®1.6% of thissize group

Spring Chinookgssagep After removal ofestimatedunmarked hatchery fisand genetic
corrections noted aboveBY2018spring Chinook juvenile estimated passage at RBDD was
303,154fry and presmolt/smolts combined (Tabl®). Fry sized juveniles (<d@m FL)
comprisedonly 9.4% of total estimatedpringChinook passage (Tal#e Fry passage occurred
from the end of Novembethroughmid-January (weeks 4thru 2; Table 2. Pe-smolt/smolt
sized juveniles (>4mm FL) comprisefl0.6% of total passage arttle first observed emigration
past RBDD occurred @arly Decemberweek49; Table2). Weekly presmolt/smolt passage for
the brood year endedh July(week?29; Figure 8. The fryequivalent rotary trap JPI foBY2018
was495,489with the lower and upper 90% CI extending frel81,811to 1,182,788uveniles,
respectively (Tablg). Spring ChinookTFsurvival rates were not estimated due to
inaccuraciesvith run designation and adult counts aeted in Poytress et a{2014).

FallChinook érk length evaluationg BY2018fall Chinook fork lengths rangdxtween
26 and 183 mm (Figure6c). BY2018fall Chinookwvere composed 069.7%6 inthe fry sizeclass
category(<46mm)with 98.3% of thosdry measumng less than 40 mm KEigure 9% The
remaining40.3% were attributed to the presmolt/smolt category (>45m) with fish between
60 and 100mm comprising®4 2% ofthe size group

Fall Chinook gissagep After removal ofestimatedunmarked hatchery fistBY2018all
Chinook juvenile estimated passage at RBDD8)@sl1,56 Ary and presmolt/smolts combined
(Table 3). Fry sized juveniles (<& FL) comprisefl1.5% of total estimatedall Chinook
passage (Table 3). Fry passage occurred Beoembertthrough theend o April (weeks 49
thru 17; Figure 9B. Pe-smoltsmolt sized juveniles (>4Bm FL) comprisetl8.5% of total
passage. fie first observegre-smolt/smolt passageccurred inlate Januaryweek4; Table 3).
Weeklypre-smolt/smolt passage for the bonl year ended ilNovember(week47; Table 3.
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FallChinookJPI to adult compariso®s@ he fryequivalent rotary trap JPI foBY2018was
6,837,154with the lower and upper 90% CI extending fragi08,5740 12,565,74Juveniles,
respectively (Tabl8). The total number of dult BY2018fall ChinookKemalescontributing to
in-river spawningupstream of RBDD was estimated totie63lindividuals.The estimatedETF
survival ratebased on the BX018fall Chinook fryequivalent JPEestimated number of ferale
spawnersand eggs deposited iriver, was10.8: ® ¢KS NIy3aS 2F 9¢C adz2NBA
was1.8% t019.9% (Table).

LateFallChinook drk length evaluationg BY2018late-fall Chinook were sampled
between34 and 165mm (Figuresd). BY018late-fall Chinook sampledere heavily weighted
to the presmolt/smolt sizeclass category (>45m). Only0.2% of all fish sampled as latall
were designatedry (<46 mm)with 1002 of the fry measuring less than 40 mm FL (FigOag
The remainin®9.8%of juvenileswere attributed to the pe-smolt/smolt categorywith fish
between60 and130mm comprising®4.3% of that value.

Latefall Chinook pssagep BY2018 late-fall Chinook juvenile estimated passage at RBDD
was48,111fry and presmolt/smolts combined (Tabl). Fry sized juveniles (<d4@m FL)
comprised0.5% of total estimatedate-fall Chinook passage (Taklg Fry passage occurred
from late April through mid-July(weeks17 thru 29; FigurelOb). Pe-smolt/smoltsized juveniles
(>45mm FL) comprisefl9.5% of total passage and the first observed emigration past RBDD
occurred inlate June(week?21; Table4). Weekly presmolt/smolt passage for the brood year
endedin late Januaryweek4; FigurelOb). The fryequivalent rotary trap JPI fdBY2018was
118,896with the lower and upper 90% CI extending frd821to 190,971juveniles,
respectively (Table 4)atefall ChinookETFsurvival rates were not estimated due to
inaccuraciesn adult count data asoted in Poyress et al (2014).

O. mykisgork length evaluations BY2018juvenileO. mykissvere sampled betwee2
and 280 mm (Figurella). Subyearling (41138mm) and garling(139-280mm) O. mykissvere
amongst the first sampled at the begingi ofcalendaryear2018 (Table 5) O. mykisgry
(<41mm)captureswere highly variablewith the first fry of the yearcaptured inlate February
with a fork length o023 mm; a22 mm fry was capturedlLl weeks later ifid-May; Figurella).
Frycaptures continued through weed? (early August Subyearling (43138mm) captures
began inJanuary (week;ITable 5) and continued through the end of the calendar year.
Yearlingcaptures occurred sporadicallthrough the end oNovember(Table 5)

O.mykiss passage BY20180. mykisguvenile total estimated passage at RBDD was
28,227fry, subyearling and yearlingsombined (Tabl®). Fry sized juvenilés41mm)
comprised only2.4% of totalO. mykispassage Fry passage occurred frdate February
throughearly Augustweeks8 thru 32; Figurellb). Subyearing@ S NI Ay3 &aAl SR 2dz0 8
mm) comprised®4.4%0f total passagend the first observed emigration past RBDD occurred in
week1 (January Table5). Weeklysubyearling/yearlingpassage for the brood year ended
during weekb2 (late Decembey.
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Discussion

Sampling effort@ Huctuatingriver flowsresulted inmoderatesampling effortfor the
reporting period of January 2018 through November 32019 (¢§=0.71). Mean sampling
effort for BX2018 winter, spring, fall, latdall Chinookand O. mykissvas0.67, 0.67067, 065
and 074, respectively (Tables-3). Duringthe primaryjuvenilewinter Chinooksalmoncapture
and passage periogf July through December @018, meansampling effortwasfairly high
(0.80), whereas the latter half of therood yearwasmarkedlylower and morevariable,
averaging only G4.

Decreased sampling effort wasimarily a producbf winter storm activityresulting in
high flows and debribads occurring intermittentljrom Januarythroughthe end ofMay 2019
(Figure 12). Nonrsample days due to high flow conditions totaksldaysand mean daily
flows averaged ovez0,000 cfsduring thisperiod. Nonrsample days due to hatchery releases
from CNFH into Battle Creek in late Mardguihp-starte winter Chinook and fall Chinook), late
April (fall Chinook) and early May (fall Chinook) totaled eight days. Lack ofgtatimple days
when multiple crews were not available itmplement subsampingor multiple trap servicing,
resulted in missingevensample days during thigeriod. Random daily sulsampling strategies
were employed foB9.5% of the samples that were collected fralanuary through the end of
May.

Patterns of abundanee guvenile winter Chinook began to emergeni-July in low
numbers. Catch and subsequent passggeerallyincreased peakingn mid-October(Tablel,;
Figure5b). Fry passage declined thereafi@nd ceased after the first week of December
Winter Chinod fry out-migrantsrepresented62.2% of totalwinter Chinookpassagewith pre-
smolt/smolts representing the remainir®y.8%. Through the first week dbecember2018,
93.3% of the totalannual passage estimate fBN2018 winter Chinookwas collected Tablel).
With 96.68% of passage occurring in the first half of the brood year, the effects of lower
sampling effort(c§ = 0.54) during the second hatff the brood yeamwere minimalfor this run
Overal] interpolationfor missed days of sampling accounted doty 7.1%o0f the total BY208
estimate 0f1,168,263winter Chinook passinthe RBDD.

Capture oBY208 juvenile spring Chinook began on October2®l8 according taLAD
criteria; however,genetic assignment resulfeom tissuesamples takemetween midOctober
and Decembeof 2018from RBDDRrapsindicated spring Chinook passage began in late
November of 208 Sampling effortvas moderatehroughout the fry passage period of weeks
47 thru2 (6§=0.59, Table 2) Apronouncedpeak of fry passageccounting for 74.4% of total
spring Chinook fry passagecurred in early December (week 48; Tabléoflpwing a flow
event whichincreased flows thredold andincreased turbiditylO-fold over two days priar
Sampling effort during the remainder of the brood year \shghtlyhigheryet variable (4=
0.66; Table 2). Storm activignd hatchery releases accounted for reductsin effort during
periods of spring Chinodky andpre-smolt/smoltpassage.Interpolation for missed days of
sampling accounted fot7.8% of the totd BY2018 estimate 0f303,154spring Chinook passing
the RBDD.
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Spring Chiaok fryout-migrantsrepresentedd.4% of total passagevith pre-smolt/smolts
representing the remainin§0.6%. This low percentage of frgut-migrantsis substantially less
thanthe 54% average noted in Poytress e{2d114), but likelya result of genetic assignments in
contrast to assignments madmlelyusing LAD criteriaPositive bia®f spring Chinook passag
estimatesassociated with 75%nmarked CNFH production releases of fall Chinook that
exceecakd the fall LADcriteria were detectecand removed as was done for BY2017 (Voss and
Poytress 2019)

FallChinook fry passageccountedfor 81.%% of the totalpassage for brood ye&018.
Passagef fry began thesecondweek of Decemberincreasing through the end of the month.
Fry passage was influenced by a number of runoff evitmtaighout the passage period of
weeks 49 to 1/with apeakin fry passageluring week JFigures9b & 12). Sampling effort
during fry passage wasoderateto low, averagin@.47 from week 48 thru week7 and was
therefore influenced by interpolation for missed sample d&@ example, theveek of peak
fry passagéweek 3) wagomprised of three samples and four days of interpolated passage or
non-sample days due to high flow conditiomsterpolation for missed samplesotaling 61
days,during theentire fry passage period accounted y102,676or 42.7%% of the total fry
passge estimate.

FallChinookpassagen the presmolt/smolt size category, which compris&f.53% of
total brood year passage, beganlate-January. Spikes in psenolt/smolt passagéegan in
March(Table 3)coinciding withthe timing of CNFH fathinook production releasesd runoff
events(Table9 & Figuredb), resulting insubstantial positive bias tonmarkedfall Chinook
estimates Positive bias offall Chinook passage estimates associated with dB#barked CNFH
production releases of fallhthook were detected&nd removed as was done for BY2017 (Voss
and Poytress 2019).

Approximately 185,000 dudf F NJ SR o0l RALIZAS | yR {aSHFI(INILISt OA O
winter Chinook were released into Battle Creek in late March in concert with approximately 3.5
million CNFH fall Chinook during times of elevated creek and river flotieugh sampling
effort was impacted by high flowd8a 2 dz&v'fiLl NIi¢ GAYGSNI / KAy221 66SNB
traps from March 29 to April 4, 2019. Three more were detected in late April and none of the
51 captures fell into the winter LAD size categoryaut 41 (80.4%) were LAD spring and the
remaining 10 (19.6%) were LAD fall size fish.

Latefall Chinookfry passagevas limited and sporadic occurring in late April and again in
mid-July Table 4Figurel0Ob). Fry passagaccounted fora mere 0.86 of thebrood yeartotal,
whichfallswell below the reported mean value of 38% (Poytress e2@14) Mean sampling
effort of 0.75for the first half of the brood year suggests that detection of {&tk Chinook fry
was likely not an issueontributing to low fy passagestimates Latefall adult escapement

6 Since 207 CNFH fall Chinook production fish have been cedird tagged and adipose ficlipped (i.e., marked) at a constant fractional mark
rate of 25%. The remainder have no internal or external mark and cannot bédisitified as either natural or hatcheryigin.
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above RBDD wasstimated atl,193individualswith the 90% CI about the estimate ranging
from a low of 1,043 to a high of 1,343 indicating good survey condi{ldnKillam, CDFW,
personal communicationFollowing clear low water conditions during the winteiglinflow
eventsfrom mid-March to early April 201&ay have caused scouring of redusor to fry
emergence lowering egg to fry survival

O. mykispassage began thiest week inJanuaryTable 5)with the first fry passing in
late FebruaryPassage peaked @éarlyMay and remained variable throughout the rest of the
calendar year. Total passage for the brood year 822 7andinterpolation accounted for
only 9.0% of tre total.

Biasassociated withunmarked CNFH fall ChinopkBrood year 208 fall Chinook
releases into Battle Creek (Figure 1) begamiehMarchand continued througtearly May
(weeks 1 thru 18; Table9). Releases occurred coincident with elevated Battle Creek ftows i
an effort to increase the downstream movement and subsedsemvival of production fish.
During the release period, and including two weeks of recapture immediately following (weeks
11-20; Table9), 26.5% of the marked CNFH fall Chinook fell into theng) LAD size category.
Large numbers of unmarked hatchery fish falling into the spring size category encountered
shortly after production releasess well aslata interpolation for missed samplesontributed
greatly to increased spring Chinook fislspaggrom mid-Marchthru late April(weeks 1217;
appendix AL Moreoverrandomsub-sampling around hatchery releasas well as throughout
periods of elevated river flowsontributedto increased variance and wide confidence intervals
in the total pasage estimate for spring Chinook.

RSTs were not sampled for a period of three weeks (wedkls @lue to high river flow
conditions whereby equipment had to be physically removed from the river due to safety
concerns. Without removal of unmarked hatchdigh from estimates,@ing Chinook passage
through week 10 angbrior to hatchery releases accounted 25.26 835,327 of the brood
year total(Appendixlll, tableAl). However, this value was influenced by unmarked hatchery
fish falling into the spring LAD category present in passage estimates used to interpolate for the
three-week period of missing dat®assagef unmarked LAD spring Chinodlring week B
(1,143,985 accounted for34.3% of the brood year totalAppendixlll, table A). Without the
removal of unmarked hatchery fismterpolation accounted foan alarmingr1.2% ofthe total
spring Chinook passage estimate for B¥&@atlicating substantigbositivebiasin the annual
estimatehad unmarked hatchery fish not been removed

Realtime biweekly stimates for BY2018 spring Chinook total passage were 3,344,553
with lower and upper confidence intervals extending fre2y936,502 to 9,625,607, respectively
(Appendk i, table Al). The BY2018 estimates for spring Chinoolefijyivalent JPI were
5,665,867 with lower and upper confidence intervals extending 486,908 to 16,318,643,
respectively Adjustment to remove unmarked hatchery Chinook resulted in a fmakage
value of 303,154 with lower and upper confidence intervals extending fidrs,508 and
721,815, respectively. Using adjusted values, the percentage of smolt spring Chinook
represented 90.6% of total passage, whereas the original estimate was 9@hs. Adjusted
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values for BY2018 spring Chinookdryuivalent JPI were 495,489 with lower and upper
confidence intervals extending frorh91,811 and 1,182,788, respectively.

During the release period, and including two weeks of recapfweeks 1-20; Table 9
immediately following73.%% of the marked CNFH fall Chinook fell intofddeLAD size
category. Without removal of unmarked hatchery fish, psenolt/smolt passage during this
period accounted for 80.2% (3,893,976) of all-pmeolt/smolt passge for BY2018.
Interpolation for missed samples accounted for 43.3% of totalgmelt/smolt passage.
Overall, interpolation accounted for 7,442,307 or 43.5% of the BY2018 fallaBHinyo
equivalent JPI. Using amcorrectedBY2018 fall Chinook #gquivalent JPI of 13,178,718
resultedin an ETF survival estimate of 2@8or BY2018\ppendixil, table A3.

Realtime biweekly stimates forBY208 fall Chinookotal passage wer8,781,89Awith
lower and upper confidence intervals extending fret%3,64 to 19,717,469 respectively
(Appendixlll, table AJ. Adjustmentto remove unmarked hatcherfall Chinook resulted in a
total passageralue 0f6,048,333with lower and upper confidence intervals extending from
920,662and11,176,004respectively. This lowered the original total smolt passage by
3,733,564 which resulted irnl8.5% of BY2(Afall Chinook passinipe RBDD transect as smolts
Adjusted valies for BY2@fall Chinook fryequivalent JP1 wer6,837,154vith lower and upper
confidence intervals extending frofin108,574and 12,565,741 respectively, which results in an
adjusted ETF survival 83%. For comparison, the BY2018 fall Chinookemyivalent JRprior
to CNFH releases was estimated to be 5,405,078 avtBTF suival estimate of 8.%.

Trap Efficiency angeneticbased rurcorrectionst Following markecapturetrials
conducted in the fall of 201®ith naturally produced winter Chinook frit was dscoveredhat
sampling four traps across the RBDD transect produced efficiency values that were higher than
our regression model predicted due #ohigh rate of efficiency of one particular trap sampling
the thalweg (Appendix lIPassage estimates for the montbsSeptember and Octoln€018
were therefore revised using data from three traps rather than fioualign predicted or
modeled efficiencies with those observed during meskapture trials in the fall of 201@e.,
excluding the thalweg trap). Furthegvisions were made following genetic analyses of fin clips
taken from juvenile LAD spring and winter Chinook in the fall of 2018 (Appendix II).

Genetic results indicated thdield assigned (by LAD) BY 2018 sp@hnak prior to
November 19, 2018 wergeneticallywinter ChinookSubsequently, whemcorporating trap
efficiency revisionsl 06,852 LAD spring Chinook westimatedto be winter Chinookased on
genetic identificatiorduring the period of October 16 thru November 18, 20A&ubstantial
amount of positive biag26.1%)would have occurred without revision to spring passage
estimates giverhat total BY208 spring Chinookassagevas estimated aB03,154
Conversely negative bia8.1%) would have occurred for winter Chinoaksgage estimates
prior to trap efficiency adjustmentsinterestingly, after revisions due to trap efficiency
adjustments {94,485), the addition of 106,852 genetically assigned winter run from October 16
thru November 18 resulted in a net addition of 1@731.1%)o the BY2018 winter Chinook
passage estimateand thus did nosubstantially #ect the brood year total
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Winter ChinookIPland ETFsurvival estimatap ¢ KB¥2018 winter Chinook fryequivalent
JPWalue 0f1,477,529wvas thehighest valueeported in the last five yearsAdult escapement
for BY2018 was largely composed of spawners from BYi2&xt&eryproduction and was
estimated at 2,458 wiver adults NMFS 201P This adult estimate was twice threimber
estimated toreturn for BY2017The higher return ratevas likely due to the release gfeater
numbers of juvenilavinter Chinook from LSNFkm BY2015 due to poor ETF survival caused
by drought related factorgh 2014 (Poytress 2016)he fry-equivalent basedETFsurvivalrate
for BY2018vas estimated aP6.6%(Table 7, slightly abovelie 21-year average ETF survival
rate of 25.0% Although little rainfall was received durinige water yearuntil March of 2018
precipitationand carry-over storage provided adequat®mld-water pool availability in Shasta
ReservoirFor 2018, USBR submitted a plan including a Balls Ferry compliance point with a
target of 56F daily average temperature from May 15 thru October 31, 2018. Similar tq 2017
NMFS requested USBRtéwget a 535°F dailyaverage temperature at the Sacramento River
Clear Creek gming stationandtemperatures of 55°Fwithin asevenday average daily
maximum at the most downstream winter Chinook redlgring that same time perio(NMFS
2019. Reclamation was able to meet a.63- daily average temperature at the Clear Creek
station for 68.4 percent of theemperature managemenperiod NMFS 201P Thus, efforts to
follow the 2018 Sacramento River temperature management plan were largely successful.

Winter Chinook patbgen monitoringp Pathogen monitoring afiaturally produced
winter Chinook juveniles wagtudied via Istological analyses (Foott 201f8m samples
collected N=80) at RBDDBapsfrom September through November 2018. From histological
analyses of RBDRST samples, Foott (2QX#:termined prevalence of infection for the
parasitesCeratonovashastaand Parvocapsulaninibicorniswere 10% and26%, respectively.

Additionally, Foott (2019) expose@NFH la-fall Chinook sentinel fisto the Sacamento Rive

for a period of four days across five separate sites, replicating exposures four times from August
through NovemberHistological analyses of sentinel groups had prevalence of infections

ranging from €93% and 657% forC shastaandP. minibicornis regectively. However, with

regard toC. shastgrevalence, only three sentinel fish from the first exposure gr(iRgd Bluff

(N=1) and River Roatl£2)), appearedt R A a S i.ed SgR<fotlidical infection), while all

other prevalence was determined to be asymptomatic.

In summarythere was prevalence of infection detected in RST collected winter run and CNFH
sentinelsyet only a few sentinels exhibited a diseased stdteott (2019) sted that based on

low prevalence of clinical disease and mortality of sentinel fish exposed to the river in late
summer and fall of 2016 and 201&;. shastappears to represent a low to moderate disease

risk for juvenile winter Chinook salmon duringthoutmigratioe Ay &l 0 SNJ &8 S| N&A
below normalor wetter.
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Tablethe {F YL Ay3 SFF2NIz ¢SS{te LIaarasS SadAaYriSasz YSRA IGhinobkRaNbnpdsSng Rdd Bluffo a
Diversion Dam (RK 391) for the period July 1828rough June 30, 2®@.(broodyear2018. Full sampling effort indicated by assigning a valueQdf th a week
consisting of foul.4-m diameter rotaryscrew traps sampling 24 hours Blai7 days per week. Results include estimated passage (Est. passage) for fry (< 46 mm FL
smolt/smolts (> 45 mm FL), total (fry and gmmolt/smolts combined) and frgquivalens and include genetic correctiong=ryequivalent JPI's were generateyg b
weighting presmolt/smolt passage by the inverse of the fry to smolt/smolt survival ate 6% or approximately.7:1; Hallock undated).

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
27 (Jul) 0.64 0 - 0 - 0 - 0
28 0.75 0 - 0 - 0 - 0
29 0.89 202 34 0 - 202 34 202
30 1.00 537 335 0 - 537 33.5 537
31 (Aug) 1.00 1,731 34 0 - 1,731 34 1,731
32 1.00 2,510 34 0 - 2,510 34 2,510
33 0.86 4,077 34 0 - 4,077 34 4,077
34 1.00 3,952 35 0 - 3,952 35 3,952
35 (Sep) 0.86 9,198 35 89 47 9,287 35 9,350
36 0.75 15,024 35 0 - 15,024 35 15,024
37 0.75 31,194 35 147 46 31,341 35 31,444
38 0.75 47,460 35 228 50 47,688 35 47,848
39 0.75 50,468 36 1,278 53 51,745 36 52,640
40 (Oct) 0.75 129,809 36 11,167 52 140,976 36 148,793
41 0.75 186,205 35 12,571 52 198,776 36 207,57¢€
42 0.75 115,943 35 20,753 54 136,696 36 151,223
43 0.64 53,692 35 25,941 54 79,633 36 97,791
44 (Nov) 0.82 48,135 36 35,125 55 83,260 41 107,84¢
45 1.00 20,146 36 38,135 57 58,281 52 84,976
46 1.00 4,001 38 27,560 57 31,561 56 50,853
47 0.71 1,649 44 57,565 60 59,213 59 99,508
48 (Dec) 0.50 523 45 132,614 60 133,137 60 225,96¢€
49 0.55 0 - 19,003 63 19,003 63 32,306
50 0.85 0 - 6,904 64.5 6,904 64.5 11,736
51 0.71 - - 2,855 63.5 2,855 63.5 4,85
52 0.69 - - 9,891 70.5 9,891 70.5 16,81
Tablel ¢ (continued)
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Fry Pre-smolt/smolts Total Fry-

Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI

1 (Jan) 0.36 0 - 6,699 71 6,699 71 11,38

2 0.36 0 - 5,061 76 5,061 76 8,60

3 0.16 0 - 619 74 619 74 1,05

4 0.43 0 - 2,125 78 2,125 78 3,61

5 (Feb) 0.29 0 - 0 - 0 - 0

6 0.71 0 - 921 105 921 105 1,56

7 0.43 0 - 4,198 114 4,198 114 7,13

8 1.00 0 - 1,487 99 1,487 99 2,52

9 (Mar) 0.00 0 - 3,010 - 3,010 - 5,11

10 0.00 0 - 3,010 - 3,010 - 5,11

11 0.00 0 - 3,010 - 3,010 - 5,11

12 0.84 0 - 2,956 114 2,956 114 5,02

13 0.21 0 - 3,173 121 3,173 121 5,39

14 (Apr) 0.50 0 - 2,906 109 2,906 109 4,94

15 0.25 0 - 0 - 0 - 0

16 0.70 0 - 500 114 500 114 8t

17 0.77 0 - 135 142 135 142 22

18 (May) 0.57 0 - 71 131 71 131 12

19 0.89 0 - 42 146 42 146 I

20 0.64 0 - 57 145 57 145 ¢

21 0.82 0 - 0 - 0 - 0

22 (Jun) 0.43 0 - 0 - 0 - 0

23 0.75 0 - 0 - 0 - 0

24 1.00 0 - 0 - 0 - 0

25 1.00 0 - 0 - 0 - 0

26 0.82 0 - 0 - 0 - 0

BY total 726,455 441,808 1,168,263 1,477,52¢

90% ClI (low : high) (486,673 : 966,237) (193,106 : 690,510) (683,866 :1,652,660) (824,706 : 2,130,35:
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Table2p { I YLIX Ay3 SFF2NIx ¢SS{1fte LIaalk3asS SadAyYliSaz YSRALI yhindgoRslihonpassyigdReKBluff a S |
Diversion Dam (RK 391) for the period October2088 through October 15, 202 (brood year2018). Full sampling effort indicated by assigning a value@d 1o a

week consisting of fou2.4-m diameter rotaryscrew traps sampling 24 hours daily, 7 days per week. Results include estimated passage (Est. passage) for fry (< 4
FL), presmolt/smolts (45 mm FL), total (fry and pigmolt/smolts combined) and frgquivalenswith unmarked hatchery fish removethd genetic correctionsFry
equivalent JPI's were generated by weighting-gmgolt/smolt passage by the inverse of the fry to ysraolt/smolt suvival rate (59% or approximately 1.7:Hallock
undated).

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
42 0.75 0 - 0 - 0 - 0
43 0.64 0 - 0 - 0 - 0
44 (Nov) 0.82 0 - 0 - 0 - 0
45 1.00 0 - 0 - 0 - 0
46 1.00 0 - 0 - 0 - 0
47 0.71 2,896 37.5 0 - 2,896 37.5 2,896
48 (Dec) 0.50 21,124 39 0 - 21,124 39 21,124
49 0.55 1,388 36 148 46.5 1,536 37 1,640
50 0.85 893 37 164 47 1,057 37 1,172
51 0.71 619 39 142 49 761 39 860
52 0.69 37 43 417 51.5 454 51 746
1 (Jan) 0.36 0 - 329 53.5 329 53.5 559
2 0.36 1,432 45 1,248 54 2,681 46.5 3,554
3 0.16 0 - 14,160 52 14,160 52 24,072
4 0.43 0 - 1,457 50 1,457 50 2,476
5 (Feb) 0.29 0 - 120 51 120 51 204
6 0.71 0 - 2,219 55 2,219 55 3,772
7 0.43 0 - 1,142 56.5 1,142 56.5 1,942
8 1.00 0 - 2,443 61.5 2,443 61.5 4,152
9 (Mar) 0.00 0 - 19,505 - 19,505 - 33,159
10 0.00 0 - 19,505 - 19,505 - 33,159
11 0.00 0 - 19,505 - 19,505 - 33,159
12 0.84 0 - 26,007 74 26,007 74 44,212
13 0.21 0 - 0 77 0 77 0
14 (Apr) 0.50 0 - 85,183 78 85,183 78 144,81
15 0.25 0 - 30,761 82 30,761 82 52,29
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Table2t (continued)

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
16 0.70 0 - 15,118 85 15,118 85 25,70
17 0.77 0 - 7,545 91 7,545 91 12,82
18 (May) 0.57 0 - 14,988 93 14,988 93 25,48
19 0.89 0 - 5,278 99 5,278 99 8,97
20 0.64 0 - 3,843 103 3,843 103 6,53
21 0.82 0 - 2,032 107.5 2,032 107.5 3,45
22 (Jun) 0.43 0 - 1,162 112 1,162 112 1,97
23 0.75 0 - 185 117 185 117 31
24 1.00 0 - 110 119.5 110 119.5 18
25 1.00 0 - - - - -
26 0.82 0 - - - - -
27 (Jul) 0.93 0 - - - - -
28 1.00 0 - - - - -
29 1.00 0 - 46 151 46 151 i
30 1.00 0 - - - - -
31 (Aug) 1.00 0 - - - - -
32 1.00 0 - - - - -
33 0.86 0 - - - - -
34 0.96 0 - - - - -
35 (Sep) 0.93 0 - - - - -
36 0.70 0 - - - - -
37 0.70 0 - - - - -
38 0.71 0 - - - - -
39 0.63 0 - - - - -
40 (Oct) 0.68 0 - - - - -
41 0.54 0 - - - - -
BY total 28,389 274,765 303,154 495,48¢
90% CI (low : high) (-949 : 57,727 (-115,272 : 664,80: (-115,508 : 721,81" (-191,811:1,182,78¢
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Table3dg {F YL Ay3 SFF2NIz ¢SS{1te LIaarkasS SadAaYriSasz YSRA lingoksalddipassindREABIUK 6 a
Diversion Dam (RK 391) for the period Decemb@018 through Mvember 30, 202 (brood year2018). Full sampling effort indicated by assigning a valueQdf th a
week consisting of fou?2.4-m diameter rotaryscrew traps sampling 24 hours daily, 7 days per week. Results include estimated passage (Est. passage) for fry (< 4
FL), presmolt/smolts (> 45 mm FL), total (fry and geolt/smolts combined) and frgquivalenswith unmarked latchery fish removed Fryequivalent JPI's were
generated by weighting premolt/smolt passage by the inverse of the fry to ysraolt/smolt survival rate (59% or appdmately 1.7:1Hallock undated).

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
48 (Dec) 0.50 0 - 0 - 0 - 0
49 0.55 1,374 33.5 0 - 1,374 34 1,374
50 0.85 7,261 35 0 - 7,261 35 7,261
51 0.71 41,034 35 0 - 41,034 35 41,034
52 0.69 256,188 35 0 - 256,188 35 256,188
1 (Jan) 0.36 355,281 35 0 - 355,281 35 355,281
2 0.36 878,086 36 0 - 878,086 36 878,086
3 0.16 2,272,530 36 0 - 2,272,530 36 2,272,53(
4 0.43 345,227 36 1,609 47 346,836 36 347,962
5 (Feb) 0.29 143,508 35 0 - 143,508 35 143,508
6 0.71 220,978 36 3,788 50 224,766 36 227,418
7 0.43 105,772 35 5,662 50 111,434 35 115,397
8 1.00 59,825 36 4,971 52 64,796 36 68,275
9 (Mar) 0.00 31,948 - 20,231 - 52,179 - 66,340
10 0.00 31,948 - 20,231 - 52,179 - 66,340
11 0.00 31,948 - 20,231 - 52,179 - 66,340
12 0.84 19,146 36 21,871 66 41,018 63 56,328
13 0.21 70,352 35 15,309 71 85,661 70 96,377
14 (Apr) 0.50 45,674 36 7,226 72 52,900 72 57,959
15 0.25 0 - 3,826 76 3,826 76 6,504
16 0.70 10,440 38 321,496 77 331,936 77 556,983
17 0.77 776 41 10,551 80 11,327 80 18,712
18 (May) 0.57 0 - 42,533 83 42,533 83 72,306
19 0.89 0 - 35,700 83 35,700 83 60,689
20 0.64 0 - 69,819 87 69,819 87 118,692
21 0.82 0 - 78,098 89 78,098 89 132,766
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Table3t (continued)

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
22 (Jun) 0.43 0 - 144,352 85 144,352 85 245,399
23 0.75 0 - 69,824 83 69,824 83 118,701
24 1.00 0 - 65,284 86 65,284 86 110,983
25 1.00 0 - 57,250 86 57,250 86 97,325
26 0.82 0 - 30,423 87 30,423 87 51,719
27 (Jul) 0.93 0 - 19,997 88 19,997 88 33,995
28 1.00 0 - 18,307 92 18,307 92 31,122
29 1.00 0 - 14,102 94 14,102 94 23,974
30 1.00 0 - 6,100 95 6,100 95 10,370
31 (Aug) 1.00 0 - 4,062 98 4,062 98 6,906
32 1.00 0 - 2,825 103 2,825 103 4,803
33 0.86 0 - 1,588 103 1,588 103 2,699
34 0.96 0 - 1,283 116 1,283 116 2,181
35 (Sep) 0.93 0 - 1,072 112 1,072 112 1,822
36 0.70 0 - 182 113 182 113 310
37 0.70 0 - 74 110 74 110 126
38 0.71 0 - 758 121 758 121 1,288
39 0.63 0 - 178 128 178 128 303
40 (Oct) 0.68 0 - 261 118 261 118 444
41 0.54 0 - 415 130 415 130 706
42 0.63 0 - 150 139 150 139 255
43 0.50 0 - 279 136 279 136 474
44 (Nov) 0.73 0 - 274 150.5 274 150.5 466
45 1.00 0 - 26 147 26 147 45
46 1.00 0 - 0 - 0 - 0
47 1.00 0 - 53 159 53 159 90
BY total 4,929,296 1,122,271 6,051,567 6,837,157
90% ClI (low : high) (628,894 : 9,229,698) (221,286 : 2,023,257) (922,932 :11,180,202) (1,108,574 : 12,565,74
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Tabledd @ { | “efidft, vgeHy passage estimates, median fork length (Med FL) and juvenilegbi@dindices (JPI's) for laall Chinooksalmonpassing Red Bluff
Diversion Dam (RK 391) for the period Aprd18 through March 31, 201(®rood year2018. Fullsampling effort indicated by assigning a value 6010 a week
consisting of foul.4-m diameter rotaryscrew traps sampling 24 hours daily, 7 days per week. Results include estimated passage (Est. passage) for fry (46 mm
smolt/smolts (> 45 mnirL), total (fry and premolt/smolts combined) and frgquivalens. Fryequivalent JPI's were generated by weighting-pn@olt/smolt passage by
the inverse of the fry to presmolt/smolt survival ate (59% or approximately 1.7:Hallock undated).

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
14 (Apr) 0.43 0 - 0 - 0 - 0
15 0.44 0 - 0 - 0 - 0
16 0.43 0 - 0 - 0 - 0
17 0.75 171 34 0 - 171 34 171
18 (May) 0.96 0 - 0 - 0 - 0
19 0.71 0 - 0 - 0 - 0
20 0.43 0 - 0 - 0 - 0
21 0.67 0 - 0 - 0 - 0
22 (Jun) 0.68 0 - 0 - 0 - 0
23 0.75 0 - 0 - 0 - 0
24 0.75 0 - 0 - 0 - 0
25 0.75 0 - 0 - 0 - 0
26 0.75 0 - 57 57 57 57 98
27 (Jul) 0.64 0 - 139 61 139 61 236
28 0.75 0 - 116 64.5 116 64.5 197
29 0.89 57 38 45 62 102 50 133
30 1.00 0 - 0 - 0 - 0
31 (Aug) 1.00 0 - 178 73 178 73 302
32 1.00 0 - 77 73.5 77 73.5 131
33 0.86 0 - 176 73 176 73 299
34 1.00 0 - 300 80.5 300 80.5 510
35 (Sep) 0.86 0 - 340 75 340 75 577
36 0.75 0 - 312 64 312 64 530
37 0.75 0 - 335 72 335 72 569
38 0.75 0 - 275 80.5 275 80.5 467
39 0.75 0 - 742 65 742 65 1,262
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Table 41 (continued)

Fry Pre-smolt/smolts Total Fry-
Week Sampling Est. Med FL Est. Med FL Est. Med FL equivalent
Effort passage passage passage JPI
40 (Oct) 0.75 0 - 6,861 73 6,861 73 11,664
41 0.75 0 - 1,650 73 1,650 73 2,804
42 0.75 0 - 2,364 77 2,364 77 4,018
43 0.64 0 - 1,413 87 1,413 87 2,402
44 (Nov) 0.82 0 - 3,023 95.5 3,023 95.5 5,139
45 1.00 0 - 2,449 108 2,449 108 4,164
46 1.00 0 - 1,374 118 1,374 118 2,336
47 0.71 0 - 4,404 112 4,404 112 7,487
48 (Dec) 0.50 0 - 12,880 116 12,880 116 21,897
49 0.55 0 - 2,573 116.5 2,573 116.5 4,375
50 0.85 0 - 487 125 487 125 827
51 0.71 0 - 298 118 298 118 507
52 0.69 0 - 2,458 119.5 2,458 119.5 4,178
1 (Jan) 0.36 0 - 1,274 136 1,274 136 2,166
2 0.36 0 - 1,104 1245 1,104 124.5 1,877
3 0.16 0 - 0 - 0 - 0
4 0.43 0 - 181 136.5 181 136.5 308
5 (Feb) 0.29 0 - 0 - 0 - 0
6 0.71 0 - 0 - 0 - 0
7 0.43 0 - 0 - 0 - 0
8 1.00 0 - 0 - 0 - 0
9 (Mar) 0.00 0 - 0 - 0 - 0
10 0.00 0 - 0 - 0 - 0
11 0.00 0 - 0 - 0 - 0
12 0.84 0 - 0 - 0 - 0
13 0.21 0 - 0 - 0 - 0
BY total 228 47,883 48,111 81,629
90% CI (low : high) (-107 : 563 (14,598 : 81,16¢ (14,553 : 81,66¢ (27,505 : 135,75¢
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2018 throughDecember31, 2018 (brood year2018). Full samplingffort indicated by assigning a value 0@ to a week consisting of fodr4-m diameter rotaryscrew

traps sampling 24 hours dailydays per week. Results include togstimated passagéry, subyearling and yearlirgcombined).
O. mykissBrood Year 2018

Total Total
Week Sampling Est. Med FL Week Sampling Est. Med FL
Effort passage Effort passage
1 (Jan) 0.50 42 79 27 (Jul) 0.64 772 84
2 0.64 68 175 28 0.75 632 75
3 0.54 42 151 29 0.89 320 86
4 0.89 134 100 30 1.00 446 84.5
5 (Feb) 1.00 24 86 31 (Aug) 1.00 612 65
6 0.89 0 - 32 1.00 1,098 69
7 0.75 0 - 33 0.86 1,530 68
8 0.75 31 23 34 1.00 1,389 64
9 (Mar) 0.75 31 25 35 (Sep) 0.86 1,456 62
10 0.75 27 27 36 0.75 763 61
11 0.61 0 - 37 0.75 694 63
12 0.64 211 47.5 38 0.75 273 72.5
13 0.75 240 63.5 39 0.75 445 70
14 (Apr) 0.43 53 167.5 40 (Oct) 0.75 208 74.5
15 0.44 1,691 78 41 0.75 92 74.5
16 0.43 470 58 42 0.75 91 79.5
17 0.75 1,108 62 43 0.64 220 89
18 (May) 0.96 2,044 62 44 (Nov) 0.82 45 164.5
19 0.71 1,178 63 45 1.00 196 97
20 0.43 1,440 60.5 46 1.00 25 92
21 0.67 999 62 47 0.71 151 172
22 (Jun) 0.68 557 73 48 (Dec) 0.50 144 108
23 0.75 1471 71 49 0.55 0 -
24 0.75 1572 70 50 0.85 29 111
25 0.75 1979 67.5 51 0.71 0 -
26 0.75 1145 71.5 52 0.69 38 92
BY tota 28,227

90% ClI (low : hig|

(10,386 : 46,06¢
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Table 6t Summary of results from masecapture trials conducted in 2018 = 5 to evaluate rotaryscrew trap efficiency at Red Bluff Diversion Dam (RK 391),
Sacramento River, California. Results includeuheof Chinook salmounsed,number of fish released, mean fork length at release (Release FL), number recaptured,
mean fork length at recapture (Recapture FL), combined trap efficiency (TE%), percent river volume sampleddgreatargps (%Q), number of traps sampling
during trials, and modification status as to whether or not traps were structurally modified to reduce volume sampled by 8% ¢tified).

Number Release FL Number Recapture FL TE Number of Traps
Trial# Year Run Releasec (mm) Recapturec (mm) (%) %Q traps samplinc  modified
1 2018 winter 1,177 37.1 45 36.4 3.82 2.97 3 No
2 2018 winter 1,247 36.1 48 36.7 3.85 2.64 3 No
3 2018 winter 1,147 36.5 30 36.5 2.62 2.84 3 No
4 2018 fall 1,073 36.2 41 35.9 3.82 4.77 4 No
5 2018 fall 1,090 35.9 32 35.8 2.94 2.01 3 Yes
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Table7®d ¢Winter Chinook fryequivalentjuvenile productionindices (JPJJower and uppe®0% confidence intervals (Cl), estimated adult female spawners above RE
(Estimated Fema#®, estimates of female fecundity, calculated juveniles per estimated fergkinfated Recruits/Femgland eggo-fry survival estimates (EJ'with
associated lowr and upper 90% confidence intervals (L90 CI : U3y®@kood year (BY) for Chinook sampled at RBDD rotary traps between July 2002 and 9une 20

Fry Equivalent Lower Upper Estimated Estimated ETF Survival Rate (%)

BY JPI 90% ClI 90% Cl Female5  Fecundity  Recruits/Female (L90 CI : U90 CI)
2002 7,635,469 2,811,132 13,144,325 5,670 4,923 1,347 274 (10.1:47.1
2003 5,781,519 3,525,098 8,073,129 5,179 4,854 1,116 23.0 (14.0:32.1
2004 3,677,989 2,129,297 5,232,037 3,185 5,515 1,155 20.9 (12.1:29.8
2005 8,943,194 4,791,726 13,277,637 8,807 5,500 1,015 18.5 (9.9:27.4
2006 7,298,838 4,150,323 10,453,765 8,626 5,484 846 154 (8.8:22.1
2007 1,637,804 1,062,780 2,218,745 1,517 5,112 1,080 211 (13.7 : 28.6
2008 1,371,739 858,933 1,885,141 1,443 5,424 951 17.5 (11.0:24.1
2009 4,972,954 2,790,092 7,160,098 2,702 5,519 1,840 335 (18.7 : 48.0
2010 1,572,628 969,016 2,181,572 813 5,161 1,934 37.5 (23.1:52.0
2011 996,621 671,779 1,321,708 424 4,832 2,351 48.6 (32.8:64.5
2012 1,814,244 1,227,386 2,401,102 1,491 4,518 1,217 26.9 (18.2:35.6
2013 2,481,324 1,539,193 3,423,456 3,577 4,596 694 15.1 (9.4:20.8
2014 523,872 301,197 746,546 1,681 5,308 312 5.9 (3.4:8.4
2015 440,951 288,911 592,992 2,022 4,819 218 4.5 (3.0:6.1
2016 640,149 429,876 850,422 653 4,131 980 23.7 (15.9:315
2017 734,432 471,292 997,572 367 4,109 2,001 48.7 (31.3:66.2
2018 1,477,529 824,706 2,130,352 1,080 5,141 1,368 26.6 (14.9:384
Average 1,201 24.4  (14.7:34.3
Standard Deviation 574 12.4 (8.3:17.0

!Estimated females derived from carcass sumatg; includes annual estimates pfe-spawn mortality.

2Female fecundity estimategpicallybased on annuaveragevalues from LSNFH winter Chinook spawning dEta.exception being016and 201 Avalues based on otal egg
deposition by size class (See Voss and Poytress.2019)

33



Table & ¢r~all Chinook frgquivalentjuvenile production indices (JPIgwer and upper 90% confidence intervals (Cl), estimated adult female spawners above RBD
(Estimated Females), estimates of female fecundity, calculated juveniles per estimated fEstaieaed Recruits/Femagland eggo-fry survival estimates (ETijth
associated lower and upper 90% confidence intervals (L90 CI : U80Edod year (BY) for Chinook sampled at RBDD rotary traps befesmmbe2002 and
November2019. Brood years 2006 through 2018 incluetimates with unmarked hatchery fish removiedreduce bias to JPI estimates

Fry Equivalent Lower Upper Estimated Estimated ETF Survival Rate (%)

BY JPI 90% CI 90% CI Females Fecundity Recruits/Female (L90 CI : U90 CI)
2002 18,683,720 1,216,244 51,024,926 211,035 5,407 89 1.6 (0.1:4.5
2003 30,624,209 10,162,712 55,109,506 79,509 5,407 385 7.1 (2.4:12.8
2004 18,421,457 6,224,790 33,728,746 31,045 5,407 593 11.0 (3.7:20.1
2005 22,739,315 4,235,720 49,182,045 37,738 5,407 603 111 (21:24.1
2006 19,586,600 7,629,345 31,543,855 42,730 5,407 458 8.5 (3.3:13.7
2007 12,822,401 6,546,684 19,098,118 16,996 5,407 754 14.0 (7.1:20.8
2008 9,371,141 4,750,252 13,992,030 16,644 5,362 563 10.5 (5.3:15.7
2009 8,498,417 3,071,022 13,925,813 6,531 5,318 1,301 245 (8.8:40.1
2010 9,119,714 4,552,856 13,686,573 7,008 5,167 1,301 25.2 (12.6 :37.8
2011 6,457,455 3,490,844 9,424,066 9,260 5,945 697 11.7 (6.3:17.1
2012 24,659,091 16,408,286 32,909,895 32,635 5,242 756 14.4 (9.6:19.2
2013 33,201,448 5,766,067 60,636,829 39,422 5,390 842 15.6 (2.7 : 28.5
2014 4,387,348 2,407,113 6,367,583 35,345 5,453 124 2.3 (1.2:3.3
2015 19,406,341 214,690 38,597,991 23,302 4,971 833 16.8 (0.2:33.3
2016 9,886,303 -2,666,309 22,438,916 5,240 4,778 1,887 39.5 (-10.6:89.6
2017 1,723,831 980,638 2,467,025 4,437 4,455 389 8.7 (5.0:12.5
2018 6,837,157 1,108,574 12,565,741 11,631 5,442 588 10.8 (1.8:19.9
Average 715 137  (3.6:24.3
Standard Deviation 446 9.1 (5.1:19.7

1Estimated females derived from carcass survey; sex ratios used to determine female spawners based on RBDD fish laddereda28@® and 2007 and CNFH data between

2008 and 2018

2Female fecundity estimatdsr years 2002 thru 200Based on average values from CNFH fall Chinook spawningalkteted between 2008 and 281Poytress 2014
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Table 9 ¢Ssummary of Coleman National Fish Hatchery brood year 2018 fall Chinook released into Battle Creek from March 14 thrqu2fiilRlsye@knumber,
release dategptal number of fish released per groumeanfork length (FLdf Chinook at release (mmgngh-at-date (LAD¥ize rangesand percent of markedhll and
springChinookcaptured in the RBDD rotary trafte each production release group

Mean FL of LAD Range (% captures)

Week Release Date(s) # Released release group Fall Spring
11 3/14/2019 1,396,976 75.0 0-66 -- 67 - 89 --
12 3/25/2019 1,428,672 75.0 0-71 (28.4%) 72-95 (71.6%,
13 3/29/2019 2,132,659 75.0 0-72 (37.1%) 73-98 (62.9%;
14 4/8/2019 3,300,334 75.0 36 - 77 (45.6%) 78 - 105 (54.4%);
15 4/11/2019 174,038 75.0 37-79 (81.6%) 80 -107 (18.4%,
16 4/19/2019 1,914,610 75.0 39-83 (88.2%) 84-112 (11.8%),
17 -- -- - 40 - 87 (92.1%) 88-119 (7.9%,
18 5/3/2019 2,350,716 75.0 42 -91 (95.7%) 92-123 (4.3%,
19 -- -- -- 44 - 95 (96.9%) 96-129 (3.1%,
20 -- -- -~ 46-100 (92.1%) 101-135 (7.9%),
Total: 12,698,005 73.5% 26.5%
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Figure 1. Location of Red Bluff Diversion Dam sample site on the Sacramento River, California
at river kilometer 391 (RK 391).
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Figure 2. Rotargcrew trap sampling transect schematic of Red Bluff Diversion Dam site (RK 391) on the Sacramento River, CA.

38



Trap Efficiency Modeling at RBDD
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Figure 3. Trap efficiency model for combined 2.4 m diameter rotary-screw traps at Red Bluff Diversion Dam (RK 391), Sacramento
River, CA. Mark-recapture trials were used to estimate trap efficiencies and trials were conducted using either four traps (N = 47),
three traps (N = 8), or with traps modified to sample one-half the normal volume of water (N = 24).
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2018 2019
BY2018 Run| Jan | Feb | Mar | Apr [ May | Jun | Jul | Aug | Sep| Oct | Nov | Dec | Jan | Feb | Mar | Apr | May [ Jun | Jul | Aug | Sep | Oct | Nov
Model used: | CRTProndnnt dnnHO:V 0 nenavMannay o

Figure 4t Summary of trap efficiency models used for passage estimates during brood y&fp{ilvenile winter, spring, fall, lat&all Chinook

salmon andD. mykisgrom January 1, 2@l the start of theO. mykis2018 brood year through November 30, 281the end of the 208 fall

Chinook brood year.
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Weekly Median Fork Length and Estimated Passage

Fork length (mm)
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Figureb. Weekly median fork length (a) and estimatebssage€b) ofbrood year2018 juvenile winter Chinookalmonpassing Red Bluff Diversion Dam (RK 391),
Sacramento River, California. Winter Chinsglknonwere sampled by rotargcrew traps for the period July 2018 through June 30, 2@ Box plots display weekly
median fork length10", 25", 75", and 9@ percentiles and outliers.
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Figure6. Fork lengthirequency distribution of broogear2018 juvenile a) winterp) spring, c) fall and d) lafall Chinooksalmonsampled by rotanscrew traps at Red
Bluff Diversion Dam (RK 391), Sacramento River, California. Fork lengifedatxpanded to unmeasured individuals when s#mpling protocols were
implemented. Sampling was conducted from Apri2@18 through Novenber 30, 209.
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Linear Relationship Between Winter Chinook JPI's and Estimated Female Spawners
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Figure7. Linear relationship between rotaigcrew trap juvenilavinter ChinooKry-equivalent production indices (Rotary Trap JPI) and carcass survey derived
estimated female spawners.
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150 Weekly Median Fork Length and Estimated Passage
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Figure8. Weekly median fork length (a) and estimapatssagd€b) ofbrood year2018 juvenile spring Chinoasalmonpassing Red Bluff Diversion Dam (RK 391),
Sacramento River, California. Spring Chirsatkonwere sampled by rotargcrew traps for the perio@ctoberl6, 2018 throughOctober 15 2019. Box plots display
weekly median fork length, 10 25", 75", and90™" percentiles and outliersyellow bars represent proportion of total passage of LAD spring Chinook that were
estimated to be unmarkedCNFHatcheryfall Chinook based on 75% unmarked ratio expansions
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Weekly Median Fork Length and Estimated Passage

180
170 H
160
150 +
140 +
130
120
110 +
100 H
90
80
70 4
60
50
40 4
30

250

Fork length (mm)

200

150

100

50

Estimated passage (X 10,000)

‘DEEEEEEQE; ——
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46
Mar. Apr. May June July Aug. Sept. Oct. Nov.

6
Feb.

4 8

Month and week of capture

Figure9. Weekly median fork length (a) and estimajessagé€b) ofbrood year2018 juvenile fall Chinookalmonpassing Red Bluff Diversion Dam (RK 391),
Sacramento River, California. Fall Chinsdinonwere sampled by rotargcrew traps for the peridDecember 12018 through November30, 20B. Box plots display
weekly median fork length, 10 25", 75", and 9@ percentiles and outliersyellow bars represent proportion of total passagé.AD fall Chinook that weestimatedto
be unmarked CNFH hatchery fall Chinook based on 75% unmarked ratio expansions
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180 Weekly Median Fork Length and Estimated Passage
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Figurel0. Weekly median fork length (a) and estimafetssagéb) ofbrood year2018 juvenile latefall Chinooksalmonpassing Red Bluff Diversion Dam (RK 391),
Sacramento River, California. L& Chinooksalmonwere sampled by rotargcrew traps for the periodpril 1, 2018 throughMarch 31, 2019. Box plots display
weekly median fork length, 10 25", 75", and @™ percentiles and outliers.
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Figurell. Weekly median fork length (a) and estimafsssagéb) ofbrood year2018 juvenileO. mykispassing Red Bluff Diversion Dam (RK 391), Sacramento Riv
California. O.mykisswere sampled by rotargcrew traps for the period JanuaryZQ18 through December 322018. Box plots display weekly median fork length?,10
25", 78", and 9@ percentiles and outliers.
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